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1.0 BACKGROUND 
In recent years, China's high-speed railway has developed rapidly. Although China is 
the 11th country in the world to build high-speed railways, at present, China's high-
speed railway is ranked first in the world, accounting for more than 60% of the world's 
high-speed railways. The high-speed railway is safe, fast and comfortable. However, 
high-speed railways bring comfort and convenience to people and bring many problems 
that need to be studied. The high speed of the train places high demands on the 
smoothness and safety of the line. Improving the safety of train operation is mainly 
achieved by building bridges to control foundation settlement and to isolate ground 
movement. Compared with the bridges in general railways, ordinary railway bridges 
generally account for less than 20% of the total mileage. According to relevant statistics, 
the total length of high-speed railway bridges has accounted for 70%~80% of railway 
lines, and more than 80% of high-speed railway bridges of the structural forms are 
simply supported box girder bridges. 
The high-speed railway has a vast branch in China, and China is located between the 
world's two major seismic zones. It is squeezed by surrounding plates and is one of the 
most active earthquake zones in the world. Most of the country is located in high-
intensity earthquake zones. China's earthquake area accounts for 80% of the country's 
land area. China has nearly one-third of the country's land, nearly one-half of the city, 
and nearly two-thirds of the megacity with a population of more than 1,000,000. The 
serious earthquake disaster is a basic national condition of China. High-speed railway 
bridges inevitably have to cross the earthquake zone, so bridge seismic safety is an 
important part of ensuring the safe operation of high-speed rail. Once an earthquake 
occurs, there is a high possibility of casualties on high-speed trains on the bridge. In 
addition, because the high-speed railway box girder and pier quality is larger than 
ordinary bridges, the response of high-speed railway bridges under earthquake response 
is much larger than that of ordinary bridges. The seismic damage of the pier is mainly 
manifested by the yielding of the longitudinally loaded steel bars and the shedding of 
the surface concrete. The damage of the bearing is mainly caused by the shear failure 
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of the bearing. When the shearing displacement of the bearing is too large, the upper 
beam will be separated from the bearing and the falling beam will be formed. 
On January 17, 1995, the magnitude 7.3 Great Hanshin Earthquake occurred in Japan. 
The earthquake caused serious damage and damage. The 12 viaduct columns on the 
Tokaido Shinkansen and Sanyang Shinkansen were damaged. The bridges of the high-
speed railway bridge were misplaced. The Shinkansen was forced to be interrupted for 
42 days. The economic loss caused directly or indirectly by the earthquake. Billions of 
dollars. At 17:56 on October 23, 2004, an earthquake measuring 6.8 on the Richter scale 
occurred in Niigata Prefecture, Japan. The Shinkansen bridge was damaged in many 
places, and the high-speed train could not operate normally. The earthquake caused tens 
of billions of people. The economic loss of the US dollar, the earthquake caused the 
Japanese Shinkansen to stop operating, and delayed the rescue work, which also had a 
very bad impact on the economy of the earthquake zone. The high-speed railway is an 
extremely important lifeline project in the national economy, and the bridge is a high-
speed railway project. Indispensable components, so the bridge has an irreplaceable 
position in the seismic safety performance design of the traffic lifeline project and the 
protection of the disaster relief personnel and the transportation of materials. 
At present, most of the seismic research on bridges is based on highway bridges or 
ordinary railway bridges. The research on the seismic of high-speed railway bridges in 
China is mainly because the construction of high-speed railways in China is fast and 
almost all the land is in the earthquake zone. However, China's economy has not fully 
kept pace with the rapid construction of high-speed railways, and the state has not 
allowed to solve all of them. After the problem, the construction of high-speed rail will 
lead to the development of China's high-speed railway bridges in the state of 
construction. 
 
2.0 INTRODUCTION 
Although China's high-speed railway project has not yet undergone the test of 
earthquakes, there are threats of earthquake disasters at all times, so the safety of high-
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speed trains cannot be ignored. High-speed railway bridges have the characteristics of 
high traffic density, large load, high impact force and strict requirements for earthquake 
resistance. Therefore, it is important to study the methods of high-speed railways 
resisting earthquake damage. Compared with highway bridges, high-speed railway 
bridges require stricter vertical and lateral stiffness requirements for bridge 
superstructures. High-speed railway bridges may cause train derailment due to small 
displacement. 
It is very important to study the dynamic performance of the high-speed railway bridge 
under the most unfavorable state of the bridge, and to study the two-way design of the 
railway bridge in the transverse and longitudinal bridge to the dynamic performance. 
When the train passes through the high-speed rail bridge, the dynamic response of the 
longitudinal bridge to the transverse bridge. Analyze the requirements of the rigidity of 
high-speed railway bridges and the requirements of displacement limits, analyze and 
meet the limit requirements of bridge structure deformation and natural vibration 
frequency, and analyze the safety of high-speed trains. The ground motion response of 
high-speed railway bridges under different ground motion input modes is studied, and 
the ground motion law of high-speed railway bridges under different seismic intensities 
is analyzed.  
 
3.0 PURPOSE 
The Beijing-Shanghai high-speed railway which can be called Jinghu high-speed 
railway is one of the greatest projects in China. It is the world's longest railway with 
the longest mileage and the highest technical standards. With a total length about 1,318 
kilometers, this high-speed railway is a tie connected two major economic zones in the 
People's Republic of China: the Bohai Sea Rim and the Yangtze River Delta. This 
project had already begun in 2008 April and lasted for about 2.5 years. It was finished 
in the October 2011 according to the schedule as a milestone in China railway industry. 
It connects two of the most popular cities that Beijing is the capital of China and 
Shanghai, on China’s central coast, is the country's biggest city and a global financial 
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hub. Jinghu high-speed railway reduces the journey time from 12 hours to 5 hours.  
The area of Jinghu high-speed railway accounts for 6.5% of the country's land area, 
with a population of 26.7% of the country, 11 cities with a population of over 1 million, 
and GDP of 43.3% of the country. It is the most active and promising economic 
development in China. The region is also the busiest transportation corridor with the 
greatest growth potential for passenger and cargo transportation in China.  
There are approximate 90 trains per day on Jinghu high-speed railway. The number of 
average daily passengers transported by Jinghu high-speed railway can reach 500,000, 
and the peak value of daily passenger flow reached 669,000.  
 
Figure 1 Jinghu High-speed railway in China 
 
Figure 2 China seismic zone 
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China is located in the world's two major seismic belts - the Pacific Rim seismic zone 
and the Eurasian seismic zone. It is squeezed by the Pacific plate, the Indian plate and 
the Philippine sea plate. The seismic fault zone is very active. Compared with figure 1 
and figure 2, it is obviously shown that the location of Jinghu high-speed railway is 
very close to seismic zones in the eastern China.  
What’s more, the 1976 Tangshan earthquake, also known as Great Tangshan earthquake, 
was a natural disaster resulting from a magnitude 7.6 earthquake that hit the region 
around Tangshan, Hebei, People's Republic of China on July 28, 1976. The death toll 
was one of the largest in recorded history, which was officially reported as 242,000 
persons. At least 700,000 more people were injured, and property damage was 
extensive, reaching even to Beijing.  
 
Figure 3 Map of Tangshan and Beijing 
Therefore, it is important and necessary to make sure Jinghu high-speed railway can 
resist the huge earthquake load to avoid the people death and economic loss from the 
earthquake. To verify the safety of seismic design of high-speed railway, since more 
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than 80% of high-speed railway bridges of the structural forms are simply supported 
box girder bridges, one of Jinghu high-speed railway sections called Hongshanzhuang 
high-speed railway bridge is selected to do research, which is consist of six simply 
supported beam spans.  
 
4.0 PROJECT 
 
 
Figure 4 Location of Hongshanzhuang high-speed railway bridge 
 
Figure 5 Plan view of the whole bridge 
 
 
Figure 6 Elevation of Hongshanzhuang high-speed railway bridge 
The engineering project used in this report is Hongshanzhuang high-speed railway 
bridge, which belongs to a simply supported girder bridge in the Beijing-Shanghai high-
speed railway line. The whole bridge has a total of 6 spans, each span is 32m post-
tensioned prestressed concrete simply supported box girder. There are 7 piers in the 
whole bridge, and the height of each pier varies with the terrain. The bridge deck is a 
simple supported box beam section, and the concrete grade is Chinese concrete C50. 
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The elastic beam space unit is used for simulation. The pier is a round-end section and 
the concrete grade is Chinese concrete C30. The steel bar material is HRB335, ignoring 
the pile-soil effect and ignoring the slip between the steel bar and the concrete.  
 
4.1 Deck 
The beam body adopts a single-box single-chamber section, the box beam height is 
3.035m, the box beam roof has a thickness of 0.635m, and the bottom plate is 0.6m 
thick. As shown in Figure 3, The area of box girder beam cross section is 13.1973m2. 
The height of the centroid to the bottom of the girder is 1.835m. The moment of inertia 
of transverse direction is Iy = 15.211m4, and the moment of inertia of vertical direction 
is Iz = 100.19m4. 
 
Figure 7 Box girder beam cross section view 
4.2 Pier 
Round end section pier is used for this project. There are two types of piers being 
adopted with different diameter that depend on the height of pier. As shown in Figure 
4, pier type I has a total width of 6m with 2m diameter, and the area of type I is 
11.1416m2. The moment of inertia of longitudinal direction along the bridge is Ix = 
3.4521m4, and the moment of inertia of transverse direction is Iy = 29.3518m4. Cracked 
moment of inertia Ic can be calculated from moment curvature curve of cross section 
property by equation: 
Ic = My / (Cy * E), where 
 Ic is cracked moment of inertia of cross section; 
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 My is yield bending moment of cross section; 
 Cy is yield curvature of cross section; 
 E is elasticity modulus of concrete. 
 
The crack moment of inertia in longitudinal direction is Icx = 0.645m4, and the moment 
of inertia in transverse direction is Icy =4.725m4. 
 
Figure 8 Pier type I cross section view 
And pier type II has a total width of 6m with 2.5m diameter as shown in Figure 6. The 
area of type I is 13.6587m2. The moment of inertia of longitudinal direction along the 
bridge is Ix = 6.4748m4, and the moment of inertia of transverse direction is Iy = 
34.9974m4. The crack moment of inertia in longitudinal direction is Icx = 1.111m4, and 
the moment of inertia in transverse direction is Icy =5.372m4. 
 
 
Figure 9 Pier type II cross section view 
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4.3 Joints 
The joint connected deck to pier is adopted by TGPZ 6000 basin type rubber support, 
which can supply vertical capacity of 6000 kN. There are totally four joints connected 
to each section at the ends, details can be drawn in Figure 11. Dashed line means joint 
can be free to move in that direction like a roller. Solid line means joint cannot move 
as a pin connection. Hence, upper left (UL) joint is a roller-roller connection; lower left 
(LL) joint is a roller-pin connection; upper right (UR) joint is a pin-roller connection; 
lower right (LR) joint is a pin-pin connection. Therefore, each section of the whole 
structure can be seen as simply supported beam with a roller and a pin at each end as 
shown in Figure 12. When lateral force is applied on the box girder beam in any 
direction, force will fully transfer to the connected pier through the pin connection. 
 
Figure 10 Plan view of the whole bridge 
 
Figure 11 Joints and connection detail in one section 
 
Figure 12 Elevation of one section in detail5.0 Seismic Load 
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5.0 Seismic load 
5.1 Seismic coefficient c 
The seismic coefficient c is the ratio of the peak ground motion acceleration to the 
gravity acceleration, which is equivalent to the maximum acceleration of the ground 
motion in gravity force acceleration g. 
c= üg0 / g, 
where üg0 is peak ground motion acceleration, which can be found in Table 1. 
Seismic intensity 
magnitude 
magnitude 
6 
magnitude  
7 
magnitude 
 8 
magnitude 
9 
Design seismic 
acceleration 
0.05g 0.10g 0.15g 0.20g 0.30g 0.40g 
Usual earthquake 0.02g 0.04g 0.05g 0.07g 0.10g 0.14g 
Rare earthquake 0.11g 0.21g 0.32g 0.38g 0.57g 0.64g 
Table 1 Peak ground motion acceleration üg0 
5.2 Spectrum coefficient β 
The spectrum coefficient is the ratio of the maximum spectrum response acceleration 
of the single-degree-of-freedom elastic system to the maximum acceleration of the 
ground motion under earthquake action. It represents the dynamic effect. The maximum 
spectrum response acceleration of the particle is amplified by the ground motion 
acceleration. The maximum value is 2.25. β(T) is essentially a standardized seismic 
acceleration response spectrum. 
According to the Code for seismic design of railway engineering 7.2.3 Page 25, when 
the natural period of the structure is less than 2 second, and the damping ratio ζ is 0.05, 
dynamic coefficient β can be found from Figure 13. 
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Figure 13 Spectrum coefficient β 
 
5.3 Spectrum characteristic period Tg 
The period value corresponding to the starting point of the normalized response 
spectrum curve, also known as the characteristic period and the excellent period, is 
the period of the construction site itself. The characteristic period is actually a need 
for seismic experts to design a response spectrum for simulating seismic response 
spectra, and a concept based on a large number of seismic statistics. The value of the 
characteristic period and the value of the seismic influence coefficient are actually 
empirical values. Originally, the seismic response spectrum was proposed through 
many assumptions. In order to simulate the seismic response spectrum by designing 
the response spectrum, a formula must be proposed, and the characteristic period is a 
coefficient in the formula. 
The characteristic period of the response spectrum refers to the period value 
corresponding to the point where the acceleration response spectrum value drops 
significantly from the maximum value, which is related to the site type and the nature 
of the site land and is also related to the design seismic division. Based on the Code for 
seismic design of railway engineering 7.2.4 Page 26, the characteristic period of the 
ground motion response spectrum should be based on the site type and ground motion 
parameter division according to Table 2&3. 
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Site category Type of soil Shear wave velocity Vs (m/s) 
Class I Rock or hard soil Vs ≥ 500 
Class II Medium hard soil 250 < Vs ≤ 500 
Class III Medium soft soil 150 < Vs ≤ 250 
Class IV Soft soil Vs ≤ 150 
Table 2 Site soil category 
Spectrum 
characteristic 
period Tg (s) 
Site category 
Class I Class II Class III Class IV 
Division 1 0.25 0.35 0.45 0.65 
Division 2 0.30 0.40 0.55 0.75 
Division 3 0.35 0.45 0.65 0.90 
Table 3 Ground motion response spectrum characteristic period 
5.4 Earthquake influence coefficient α(T) 
The ratio of the maximum horizontal seismic action acting on the single-mass point 
elastic system to the representative value of the gravity load of the mass point can also 
be understood as the maximum acceleration response of the mass point in the single-
point elastic system in the case of gravity acceleration. If the structural natural vibration 
period is between 0.1 and spectrum characteristic period, and the damping ratio is 0.05. 
α(T)max= c*β(T)max, 
 
5.5 Seismic load 
The horizontal seismic load of a single degree of freedom elastic system can be 
expressed as  
F = α * W, where  
W is the weight of the particle. 
 
Therefore, design seismic load value of the project can be found in Table 4. Detail 
13 
 
calculations can be found in Appendix 1. 
 
6.0 RESULT AND ANALYSIS 
 
Figure 14 Elevation of Hongshanzhuang high-speed railway bridge 
 
6.1 Under the rare earthquake acceleration 
 
Pier number Seismic load –longitudinal (kN) Seismic load –transverse (kN) 
1 1951 3429 
2 2541 3383 
3 1774 3596 
4 1763 3448 
5 2184 3536 
6 3302 3302 
7 3283 3283 
Table 4 Rare earthquake acceleration seismic load value in two ways 
 Longitudinal direction Transverse direction 
Pier Seismic 
load(kN) 
Disp. 
(mm) 
Seismic 
load(kN) 
Disp. 
(mm) 
1 1951 21.68 3429 5.22 
2 2541 16.72 3383 3.03 
3 1774 25.34 3596 10.58 
4 1763 24.15 3448 6.42 
5 2184 20.22 3536 6.77 
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6 3302 6.09 3302 0.83 
7 3283 4.04 3283 0.55 
Table 5 Displacement and rotation under rare earthquake acceleration 
6.2 Nonlinear Displacement ductility demand 
According to the Code for seismic design of railway engineering 7.3.3 page 32, 
displacement ductility demand requirements of reinforcement concrete pier under the 
rare earthquake acceleration have to be checked as: 
µu =Δmax / Δy, where  
µu is nonlinear displacement ductility ratio;  
Δmax is maximum displacement of pier in nonlinear behavior;  
Δy is yield displacement of pier.  
 
And the µu should be less than 4.8. Since this research is limited to linear phrase, another 
method is selected to get the nonlinear displacement ductility ratio µu. 
According to the Code for seismic design of railway engineering appendix F page 55, 
ductility design of reinforcement concrete pier under the rare earthquake acceleration, 
the displacement ductility demand is mathematically defined as 
µu = λm * µm, where  
µu is nonlinear displacement ductility ratio; 
λm is the factor of nonlinear displacement ductility ratio over linear bending 
moment ratio; 
µm is linear bending moment ratio. 
 
The factor of nonlinear displacement ductility ratio over linear bending moment ratio 
λm can be determined by pier natural vibration period, site classes and earthquake 
acceleration. In this case, site category is class II, and earthquake acceleration is less 
than 0.32g. 
λm2 = λm1 + (λm4 - λm1)/3, where 
 λm2 is nonlinear displacement ductility ratio for site class II; 
λm1 is nonlinear displacement ductility ratio for site class I, which can be calculated 
by λm1 = 3.2*T+1 for T is less than 0.5s;  
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λm1 =2.6 for T from 0.5s to 0.7s;  
λm1 = -3.9*T+5.33 for T from 0.7 to 1.15;  
λm1 =0.895 for T is larger than 1.15. 
λm4 is nonlinear displacement ductility ratio for site class IV, which can be 
calculated by λm4 = 2.4*T+1 for T is less than 0.5s;  
λm4 =2.2 for T from 0.5s to 0.7s;  
λm4 = -2.9*T+4.23 for T from 0.7s to 1.15s;  
λm4 =0.855 for T is larger than 1.15s. 
 
Pier number Tx λm1 λm4 λm2 
1 0.79 2.25 1.94 2.15 
2 0.60 2.60 2.20 2.47 
3 0.91 1.78 1.59 1.72 
4 0.88 1.90 1.68 1.82 
5 0.73 2.48 2.11 2.36 
6 0.31 1.99 1.74 1.91 
7 0.26 1.83 1.62 1.76 
Table 6 Longitudinal factor of nonlinear displacement ductility ratio over linear bending 
moment ratio 
Pier number Ty λm1 λm4 λm2 
1 0.29 1.93 1.70 1.85 
2 0.22 1.70 1.53 1.65 
3 0.41 2.31 1.98 2.20 
4 0.32 2.02 1.77 1.94 
5 0.33 2.06 1.79 1.97 
6 0.12 1.38 1.29 1.35 
7 0.10 1.32 1.24 1.29 
Table 7 Transverse factor of nonlinear displacement ductility ratio over linear bending moment 
ratio 
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6.3 Linear bending moment ratio 
Linear bending moment ratio can be calculated as 
µm = Mmax / My, where 
 µm is linear bending moment ratio; 
 Mmax is the maximum bending moment of pier section under the rare earthquake 
acceleration based on response spectrum; 
 My is the yield bending moment of pier. 
According to the Table 4, seismic load under the rare earthquake acceleration can be 
found. Therefore, the maximum bending moment of pier section can be determined 
based on the height of each pier. 
 
Pier number Height (m) Seismic load (kN) Mmax (kN*m) 
1 8.65 1951 16876 
2 7.25 2541 18422 
3 11.25 1774 19958 
4 9.25 1763 16308 
5 9.75 2184 21294 
6 4.75 3302 15685 
7 4.15 3283 13624 
Table 8 Longitudinal maximum bending moment of pier section 
Pier number Height (m) Seismic load (kN) Mmax (kN*m) 
1 8.65 3429 29661 
2 7.25 3383 24527 
3 11.25 3596 40455 
4 9.25 3448 31894 
5 9.75 3536 34476 
6 4.75 3302 15685 
7 4.15 3283 13624 
Table 9 Transverse maximum bending moment of pier section 
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6.4 Yield bending moment 
The yield bending moment is of pier is decided by the section property, which includes 
two types of piers with diameter 2m and 2.5m. The pier is a round-end section and the 
concrete grade is Chinese concrete C30. The steel bar material is HRB335 with 14 mm 
diameters, ignoring the pile-soil effect and ignoring the slip between the steel bar and 
the concrete.  
 
For pier type I: 
 
Figure 15 Pier type I cross section view 
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Figure 16 Longitudinal reinforcement concrete pier I cross section 
 
Figure 17 Longitudinal moment-curvature curve of pier I 
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Figure 18 Transverse reinforcement concrete pier I cross section 
 
Figure 19 Transverse moment-curvature curve of pier I 
 
For pier type II: 
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Figure 20 Pier type II cross section view 
 
Figure 21 Longitudinal reinforcement concrete pier II cross section 
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Figure 22 Longitudinal moment-curvature curve of pier II 
 
Figure 23 Transverse reinforcement concrete pier II cross section 
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Figure 24 Transverse moment-curvature curve of pier II 
6.5 Nonlinear displacement ductility check 
Under the dead load and superimposed dead load, the total weight of the deck is 
12720 kN. Hence, the yield bending moment can be determined from SAP 2000. 
Therefore, displacement ductility demand requirements can be finished as followed. 
Pier Tpye Mmax 
(kN*m) 
My 
(kN*m) 
µm λm2 µu Max. µu 
1 I 16876 23915 0.71 2.15 1.53 4.8 
2 I 18422 23915 0.77 2.47 1.90 4.8 
3 II 19958 31943 0.62 1.72 1.07 4.8 
4 I 16308 23915 0.68 1.82 2.68 4.8 
5 II 21294 31943 0.67 2.36 1.58 4.8 
6 I 15685 23915 0.66 1.91 1.26 4.8 
7 I 13624 23915 0.57 1.76 1.00 4.8 
Table 10 Longitudinal displacement ductility demand check 
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Pier Tpye Mmax 
(kN*m) 
My 
(kN*m) 
µm λm2 µu Max. µu 
1 I 29661 56950 0.52 1.85 0.96 4.8 
2 I 24527 56950 0.43 1.65 0.71 4.8 
3 II 40455 63799 0.63 2.20 1.39 4.8 
4 I 31894 56950 0.56 1.94 1.09 4.8 
5 II 34476 63799 0.54 1.97 1.06 4.8 
6 I 15685 56950 0.28 1.35 0.38 4.8 
7 I 13624 56950 0.24 1.29 0.31 4.8 
Table 11 Transverse displacement ductility demand check 
According to the Code for seismic design of railway engineering, if the nonlinear 
displacement ductility ratio µu is less than 4.8, then the seismic analysis of 
reinforcement concrete pier under the rare earthquake acceleration will be satisfied. 
 
6.6 Bearing capacity requirements check 
 
Figure 25 Joints and connection detail in one section 
According to the specification of TGPZ 6000 basin type rubber bearing, the maximum 
longitudinal direction horizontal displacement of longitudinal move free support and 
multi-directional move free support is 60mm.  
According to specification of TGPZ 6000 basin type rubber bearing, the maximum 
transverse direction horizontal displacement of transverse move free support and multi-
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directional move free support is 10mm.  
According to specification of TGPZ 6000 basin type rubber bearing, the maximum 
horizontal shear capacity should not less than 15% of vertical bearing capacity that is 
6000kN for this type of support. Therefore, the horizontal shear capacity of each 
bearing is 900kN. There are two bearings fixed in each direction. Hence, the horizontal 
shear capacity is 1800kN in longitudinal and transverse direction. 
In real earthquake situation, there is a chance to appear the worst case that the adjacent 
two piers have the displacement in just opposite direction in the same time since 
different natural frequency and time period. It will lead to the bridge span drop out from 
the pier which is a common problem in earthquake. Therefore, checking the relative 
displacement whether satisfy the limits is important and necessary as well. 
 
 
Figure 26 Two forces applied oppositely in longitudinal direction under rare earthquake 
acceleration 
Adjacent piers Relative disp. (mm) Bearing disp. Limit (mm) 
Pier 1 +Pier 2 38.4 60 
Pier 2 +Pier 3 42.06 60 
Pier 3 +Pier 4 49.49 60 
Pier 4 +Pier 5 44.37 60 
Pier 5 +Pier 6 26.31 60 
Pier 6 +Pier 7 10.13 60 
Table 12 Relative displacement vs Joints displacement limit in longitudinal direction under 
rare earthquake acceleration 
Pier number Shear force (kN) Joints bearing limit (kN) 
Pier 1  3429 1800 
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Pier 2  3383 1800 
Pier 3  3596 1800 
Pier 4  3448 1800 
Pier 5  3536 1800 
Pier 6  3302 1800 
Pier 7 3283 1800 
Table 13 Bearing shear limit check in transverse direction under rare earthquake acceleration 
It can be drawn that relative displacements in longitudinal direction will be less than 
the joints limit under the rare earthquake acceleration. However in transverse direction, 
shear force from response spectrum analysis will be larger than the horizontal bearing 
shear capacity, which will result to the bearing destroyed during the earthquake. But the 
width of the pier in transverse direction can reach to 6m, which is much larger than the 
transverse displacements from the Table 5. Hence, there is little chance that the deck 
dropping out from the pier in transverse direction.  
 
6.7 Time history analysis in SAP 2000 
 
Figure 27 Whole bridge modal in SAP 2000 
The time history analysis method is a dynamic analysis method for directly solving the 
differential equations of motions by stepwise integration. From the time-history 
analysis, the displacement, velocity and acceleration dynamic responses of each particle 
change with time can be obtained, and then the time-course changes of the internal force 
and deformation of the component are calculated. 
In this research, 1940 EI Centro NS earthquake data is applied to determine the 
maximum displacement by time history method. 
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Figure 28 1940 EI Centro NS component acceleration 
6.7.1 Longitudinal direction 
 
Figure 29 Deformed shape of the whole bridge in longitudinal direction 
 
Figure 30 Deformed shape of the whole bridge in XZ plan 
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Figure 31 Bending moment diagram in longitudinal direction 
Pier Max. disp. (mm) Min. disp. (mm) Absolute Max.(mm) 
1 17.6 -15.4 17.6 
2 47.0 -53.4 53.4 
3 110.0 -110.9 110.9 
4 84.6 -94.9 94.9 
5 52.7 -52.3 52.7 
6 26.7 -23.8 26.7 
7 19.7 -17.3 19.7 
Table 14 Displacement of time history analysis in longitudinal direction 
Adjacent piers Relative disp. (mm) Joints disp. Limit (mm) 
Pier 1 +Pier 2 71 60 
Pier 2 +Pier 3 164.3 60 
Pier 3 +Pier 4 205.8 60 
Pier 4 +Pier 5 147.6 60 
Pier 5 +Pier 6 79.4 60 
Pier 6 +Pier 7 46.4 60 
Table 15 Relative displacement vs Joints displacement limit in longitudinal direction in the 
worst case 
 
6.7.2 Transverse direction 
 
28 
 
Figure 32 Deformed shape of the whole bridge in transverse direction 
 
Figure 33 Bending moment diagram in transverse direction 
 
Figure 34 Shear force diagram in transverse direction 
Pier Max. disp. (mm) Min. disp. (mm) Absolute Max.(mm) 
1 6.2 -5.4 6.2 
2 6.1 -5.7 6.1 
3 37.8 -37.6 37.8 
4 17.1 -16.1 17.1 
5 18.3 -15.6 18.3 
6 1.6 -1.4 1.6 
7 0.4 -0.4 0.4 
Table 16 Displacement of time history analysis in transverse direction 
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Pier number Max.shear force (kN) Joints bearing limit (kN) 
Pier 1  6450 1800 
Pier 2  3628 1800 
Pier 3  3075 1800 
Pier 4  4271 1800 
Pier 5  2825 1800 
Pier 6  2873 1800 
Pier 7 3272 1800 
Table 17 Bearing shear limit check in transverse direction in time history analysis 
 
It can be drawn that most relative displacements in longitudinal direction will be larger 
than joints displacement limit in time history analysis. Hence, the joints will fail under 
the earthquake. After the earthquake, the joints must be replaced or repaired 
immediately before high-speed railway will be used again. However, the maximum 
longitudinal relative displacement 205.8 mm is still less the distance between the ends 
of the deck to the pier edge, which is 800 mm. Therefore, the deck won’t drop out from 
the pier during the earthquake which can keep trains and passengers safe. Also, in 
transverse direction, shear force from time history analysis will be larger than the 
horizontal bearing shear capacity, which will result to the bearing destroyed during the 
earthquake. But the displacement in transverse direction is small enough without any 
chance dropping out in transverse. 
 
7.0 CONCLUSION 
1. This design satisfied the displacement ductility demand requirements based on 
Code for seismic design of railway engineering. 
2. In the response spectrum analysis, the maximum relative displacement of each 
pier in longitudinal direction can satisfy the bearing displacement limit. 
However, in transverse direction, joints horizontal shear capacity cannot satisfy 
the seismic load applied on bearings that will result to the bearing destroyed 
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during the earthquake. 
3. In time history analysis, bearings in transverse direction will meet the same 
problem from response spectrum method. However, in longitudinal direction, 
the largest relative displacement is 205.8mm which can also result to the failure 
of bearing in the worst case. But it’s still less than the distance between the ends 
of the deck to the edge of the pier, which is 800 mm. The pier will keep the deck 
from dropping out. All destroyed bearing should be replaced or repaired before 
high-speed railway will be operated again. 
4. According to displacement from the response spectrum analysis and time 
history analysis, it can be drawn that the maximum displacement from time 
history analysis is larger than it from response spectrum method. The reason is 
that the peak acceleration in 1940 EI Centro acceleration can reach to 0.32g, but 
in response spectrum analysis, 0.11g as rare earthquake acceleration is selected. 
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9.0 APPENDIX  
9.0 Appendix 1 
Calculation details 
Materials:  
For deck 
Concrete grade: China concrete C50 
Elasticity modulus: E = 35500 MPa = 3.55 * 107 kN/m2 
Density = 2500 kg/m3 
 
Area: A = 13.1973 m2 
Moment of inertia:  
Ix =15.211 m4 
Iy =100.19 m4 
 
For pier 
Concrete grade: China concrete C30 
Elasticity modulus: E = 30000 MPa = 3 * 107 kN/m2 
Density = 2400 kg/m3 
 
Pier type I 
 
Area: A = 11.1416 m2 
Moment of inertia:  
Ix =3.4521m4, Icx =0.645 m4 (cracked moment of inertia) 
Iy =29.3518m4, Icy =4.725 m4 (cracked moment of inertia) 
Pier type II 
 
 
Area: A = 13.6587 m2 
Moment of inertia:  
Ix =6.4748 m4, Icx =1.111 m4 (cracked moment of inertia) 
Iy =34.9974 m4, Icy =5.372 m4 (cracked moment of inertia) 
 
Load Condition: 
Dead load = 2500 kg/m3 *13.1973 m2 *32 m *9.80665 m/s2 =10354 kN 
Superimposed dead load: (17 +56.94) kN/m *32 m = 2366 kN 
The total weight of the deck = 12720 kN 
 
Mass: 
Deck: 2500 kg/m3 *13.1973 m2 *32 m + (2366 kN/9.80665 m/s2)*1000 kg/ton =1,297,049 kg. 
Pier I: 0.5 *2400 kg/m3 *11.1416 m2 *height of each pier 
Pier II: 0.5 *2400 kg/m3 *13.6587 m2 *height of each pier 
 
Pier number Pier mass (kg) Total mass (kg) 
1 115,650 1,412,699 
2 96,932 1,393,981 
3 184,392 1,481,441 
4 123,672 1,420,721 
5 159,807 1,456,856 
6 63,507 1,360,556 
7 55,485 1,352,534 
 
Stiffness: 
K = 3EIc/L3, where 
L is the height of the pier 
Natural frequency: 
Ωn=(k/m)1/2 
 
Natural period: 
Tn = 2π/ Ωn 
Spectrum coefficient β: 
 
Earthquake influence coefficient α: 
α(T)max= c*β(T)max 
 
Seismic load: 
F = α * W, where  
W is the weight of the particle. 
Under the rare earthquake acceleration 0.11g, result can be shown as followed. 
 
Pier Type L (m) Kx 
(kN/mm) 
Ky 
(kN/mm) 
M (kg) Ωnx Ωny Tnx Tny βx βy αx αy 
1 I 8.65 90 657 1,412,699 7.98 21.57 0.79 0.29 1.28 2.25 0.1408 0.2475 
2 I 7.25 152 1116 1,393,981 10.44 28.29 0.60 0.22 1.69 2.25 0.1859 0.2475 
3 II 11.25 70 340 1,481,441 6.87 15.15 0.91 0.41 1.11 2.25 0.1221 0.2475 
4 I 9.25 73 537 1,420,721 7.17 19.44 0.88 0.32 1.15 2.25 0.1265 0.2475 
5 II 9.75 108 522 1,456,856 8.61 18.93 0.73 0.33 1.39 2.25 0.1529 0.2475 
6 I 4.75 542 3968 1,360,556 19.96 54.00 0.31 0.12 2.25 2.25 0.2475 0.2475 
7 I 4.15 812 5950 1,352,534 24.50 66.33 0.26 0.10 2.25 2.25 0.2475 0.2475 
 
Pier Weight (kN) αx Fx (kN) αy Fy (kN) 
1 13854 0.1408 1951 0.2475 3429 
2 13670 0.1859 2541 0.2475 3383 
3 14528 0.1221 1774 0.2475 3596 
4 13933 0.1265 1763 0.2475 3448 
5 14287 0.1529 2184 0.2475 3536 
6 13342 0.2475 3302 0.2475 3302 
7 13264 0.2475 3283 0.2475 3283 
 
Pier Fx (kN) Kx (kN/mm) Disp. (mm) 
1 1951 90 21.68 
2 2541 152 16.72 
3 1774 70 25.34 
4 1763 73 24.15 
5 2184 108 20.22 
6 3302 542 6.09 
7 3283 812 4.04 
 
Pier Fy (kN) Kx (kN/mm) Disp. (mm) 
1 3429 657 5.22 
2 3383 1116 3.03 
3 3596 340 10.58 
4 3448 537 6.42 
5 3536 522 6.77 
6 3302 3968 0.83 
7 3283 5950 0.55 
 
Displacement ductility demand requirements 
 
µu = λm * µm, where  
µu is nonlinear displacement ductility ratio; 
λm is the factor of nonlinear displacement ductility ratio over linear bending moment ratio; 
µm is linear bending moment ratio. 
 
For site class II, a is less than 0.32g 
λm2 = λm1 + (λm4 - λm1)/3, where 
 λm2 is nonlinear displacement ductility ratio for site class II; 
λm1 is nonlinear displacement ductility ratio for site class I, which can be calculated by λm1 = 
3.2*T+1 for T is less than 0.5s;  
λm1 =2.6 for T from 0.5s to 0.7s;  
λm1 = -3.9*T+5.33 for T from 0.7 to 1.15;  
λm1 =0.895 for T is larger than 1.15. 
 
λm4 is nonlinear displacement ductility ratio for site class IV, which can be calculated by λm4 
= 2.4*T+1 for T is less than 0.5s;  
λm4 =2.2 for T from 0.5s to 0.7s;  
λm4 = -2.9*T+4.23 for T from 0.7s to 1.15s;  
λm4 =0.855 for T is larger than 1.15s. 
 
Based on natural period of each pier, result can be solved as followed. 
 
Longitudinal factor of nonlinear displacement ductility ratio over linear bending moment ratio 
Pier number Tx λm1 λm4 λm2 
1 0.79 2.25 1.94 2.15 
2 0.60 2.60 2.20 2.47 
3 0.91 1.78 1.59 1.72 
4 0.88 1.90 1.68 1.82 
5 0.73 2.48 2.11 2.36 
6 0.31 1.99 1.74 1.91 
7 0.26 1.83 1.62 1.76 
  
Transverse factor of nonlinear displacement ductility ratio over linear bending moment ratio 
Pier number Ty λm1 λm4 λm2 
1 0.29 1.93 1.70 1.85 
2 0.22 1.70 1.53 1.65 
3 0.41 2.31 1.98 2.20 
4 0.32 2.02 1.77 1.94 
5 0.33 2.06 1.79 1.97 
6 0.12 1.38 1.29 1.35 
7 0.10 1.32 1.24 1.29 
 
 
 
Pier Tnx λm2 L (m) Fx (kN) Mmax 
(kN*m) 
My 
(kN*m) 
µm µu Max. µu 
1 0.79 2.15 8.65 1951 16876 23915 0.71 1.53 4.8 
2 0.60 2.47 7.25 2541 18422 23915 0.77 1.90 4.8 
3 0.91 1.72 11.25 1774 19958 31943 0.62 1.07 4.8 
4 0.88 1.82 9.25 1763 16308 23915 0.68 2.68 4.8 
5 0.73 2.36 9.75 2184 21294 31943 0.67 1.58 4.8 
6 0.31 1.91 4.75 3302 15685 23915 0.66 1.26 4.8 
7 0.26 1.76 4.15 3283 13624 23915 0.57 1.00 4.8 
Longitudinal displacement ductility demand check 
Pier Tnx λm2 L (m) Fy (kN) Mmax 
(kN*m) 
My 
(kN*m) 
µm µu Max. µu 
1 0.29 1.85 8.65 3429 29661 56950 0.52 0.96 4.8 
2 0.22 1.65 7.25 3383 24527 56950 0.43 0.71 4.8 
3 0.41 2.20 11.25 3596 40455 63799 0.63 1.39 4.8 
4 0.32 1.94 9.25 3448 31894 56950 0.56 1.09 4.8 
5 0.33 1.97 9.75 3536 34476 63799 0.54 1.06 4.8 
6 0.12 1.35 4.75 3302 15685 56950 0.28 0.38 4.8 
7 0.10 1.29 4.15 3283 13624 56950 0.24 0.31 4.8 
Transverse displacement ductility demand check 
 
